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The liver in both larval end adult frogs treated with carbon tetra¬
chloride %ras studied for general tissue dasmge and acid phosphatase
activity. The animals sacrificed 2Ji hr after injection of carbon tetra¬
chloride and olive oil showed a marked acid phosphatase reaction. This
enzymatic activity was localized in granular bodies predominantly along
the bile canaliculi and also in the Kupffer cells. The control livers
and those treated with olive oil only did net give a positive acid
phosphatase reaction. The presence of a high acid phosphatase activity
21: hr after treatment with carbon tetrachloride suggested that tissues
had been damaged. This observation was in keeping with the proposal that
the hydrolytic enzymes contained within the lysosomal bodies of these
cells had been released, in this instance by carbon tetrachloride poison¬
ing.
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The hepatic cell has been prc^osed to contain a special group of
lytic particles. %}eoulations as to their physiological function have
been stimulated by various morphological and biochemical studies,
suggesting a possible involvement of these particles (called lysosomes)
in intracellular digestion, in connection with phenomena of phagocytosis,
athrocytosis and pinocytosis. Other experiments have indicated that
they may play a significant role in autolysis and necrosis.
The basis of the research presented in this paper was centered
around the results of previous investigations which have shown that
treatment of Rana pipiens with carbon tetrachloride caused an increase
in cytochrome oxl^lM activity in the liver. These results were
obtained between 60-70 hr after treatment. The objective here was to
determine whether degeneration occurred prior to 60-70 hr followed by a
possible regeneration, which could account for the increased cytochrome
oxidase activity. The method eiq>loyed was that of tracing acid
phosphatase, an enzyme released from lysosomes only upon damage to the





Previous investigations have indicated that lysosomes may play a
significant role in autolysis and necrosis. De Duve (1959) emphasized
two aspects of lysosomes: (l) by segregation into granules with
impermeable outer membranes the hydrolytic enzymes arc kept from degrad¬
ing cell constituents in uncontrolled fashion; (2) lysosomes may be
expected to undergochange when autolysis and cell death occur.
According to dc Duve (1961), Wattiaiix suggested that lysosomc rupture
preceded rather than resulted from cell death. However, dramatic
changes in lysosomes have been encountered in all the instances of cell
death—physiological (embryo and adult) and pathological—studied
either biochemically or morphologically.
Numerous studies have also been made on the enzymatic activity in
regressing amphibian tails. Weber (1957) showed that when the tail of
the amphibian, Xenopus, was regressing, there was a marked rise in
specific activity of cathepsin. Novikoff (I960) showed the high level
of acid phosphatase activity in the regressing Rana tadpole tail by
histochemical staining procedures. He suggested that there was a
solubilization of enzyme and a release, in the dying cells, of phosphate
ions which reacted with calcium ions to form calcium phosphate.
Recent studies on the liver of both the frog and adult mouse have
yielded interesting results. Hunter (1965) showed that the cytochrome-
oxidase activity of the frog liver was increased in the carbon
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tetracholoride-poisoned liver. Carbon tetrachloride (CCl^), at a
concentration of 6.0^ laoles per gran body weight, produced a 17% increase
in the cytochrome oxidase activity. Other investigatbi^
Fiegilson, and Gross, 1957) have reported that the xanthine oxidase
activity of mouse regenerating liver was elevated during the period of
rapid liver growth and proliferation. This increase was evident idien
the enzymatic activity was expressed per unit wet tissue weight, per
unit nitrogen, or per cell. FUrther augmentation of the xanUiine
oxidase level of regenerating liver was not induced by the administra¬
tion of large quantities of the substrate, xanthine, to the animal.
The results of Leduc^ (1959a) indicated Uiat in the liver of the
adult mouse there were three types of cells derived from the endodermal
hepatic diverticulum of the embryonic foregut: the secretory parenchymal
cells, bile duct cells and cholangiole cells. In the adult liver these
three cell types remained discrete, and during regeneration, after such
acute liver injury as partial hepatectomy or CX^1^ poisoning, new
parenchymal cells or new duct cells arose by proliferation of pre-exist¬
ing parenchymal cells and duct cells, respectively. In some cases of
sustained and extreme injury and subsequent repair, there might have been
a transformation from one cell type to another. The orientation of
hepatic cells in embryonic and postnatal livers suggested that trans¬
formation in ^e opposite direction from parenchymal cells to duct cells
might have also occurred.
Weaver, Swinyard, and Goodman (1952), in l^eir paper dealing with the
effects of the liver and nephrectomy on the anticonvulsant activity of
phcnacoaide^ ncationed that the duration of anticonvulsant action
rcaained unchanged in bilaterally nephrectoaized aice^ but vas
significantly prolonged by (Xl^^-induced liver daaage and hepatectooy.
In this experiaentj liver injury vas induced by a single subcutaneous
injection of 2 al/kg of a (w/v) solution of CClj^ in peanut oil, and
the drug was administered 36>48 hr later. Histological studies of liver
sections taken from rate stibjected to such Xl^ treatment showed that
moderate to severe liver damage vas consistently produced.
Leduc (1959b in her study of a large nui^r of spontaneous and
induced primary hepatomas in mice, observed that two transplantable
hepatomas, one iidiich arose spontaneously and one which was induced by
repeated Xlj^ poisoning, grew more readily in the spleen than when
implanted subcutaneously. Leduc and Vilson (1959) found that five Xl|^-
induced hepatomas from a mouse that was killed 8 months after the last
administration of Xl^, were successfully transplanted to mice of the
same strain, but transplantation of primary tumors from mice whose Xl|^
treatments ceased after 11 weeks or less were not successful. This
suggested that there vas a progzessive increase in the capacity for
autonomous growth in the prisury hepatoma. One of the Xl]^-induced
hepatomas auiintained by serial, intrasplenic transplantation, was report¬
ed to be in its l^th generation. The mechanism by which Xlj^ induced the
development of hepatomas vas not known (Edvards and Dalton, 19lt2).
Obvious liver necrosis and accoapanying regenerative activity were not
necessary for hepatoma induction, bat, as was pointed out by Eschenbrenner
and Miller (19U6), this did not rule out the possibility that
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non-necrotizing doses of CCl^ may produce a chronic regenerative or
hyperplastic state of the liver.
CJiAPTER III
MATERIALS AMD METHODS
Raaa cate8b«iana tadpoles aad Rana pipiens adult frogs used in this
investigation were obtained froa Carolina Biological Supply Cosq^any^
Burlington, Berth Carolina, loth larval and adult frogs were placed in
individual containers containing aged water. The tadpoles were fed equal
suBounts of tadpole growth food and the adult frogs were fed mealworn
larvae. An atteapt was nade to use tadpoles of the sasM stage of
development. The latter was accoaplished by measuring the tadpoles from
snout to base and from snout to tip of tail. An attempt was also amuie
to use adult frogs of approximately the same size.
Both larval and adult frogs were each divided into five groups.
The tadpole groups consisted of non-injected controls, 0.1 cc olive oil
injected controls, 0.2 cc olive oil injected controls, and experimentals
which were injected with 0.1 cc olive oil and carbon tetrachloride
(CCl^) and 0.2 cc olive oil and Xl]^. The adult frog groups consisted
of non«injected controls, 1.0 cc olive oil injected controls, 2.0 cc
olive oil injected controls, and experimentals which were injected with
1.0 cc olive oil and Xl^^ and 2.0 ce olive oil and Xlj|^. The olive oil
and Xlj^ mixture in all cases was prepared on a volume to volume basis
(50:50 ratio), olive oil serving as a carrier. Injections were nade
intraperitoneally using a 27 ^uge needle and a 2 cc syringe.
After 2U hr all tadpoles and frogs were sacrificed and the livers of
both were quickly removed and placed in cold acetone fixative idiere they
were allowed to remain for approximately 2U hr in the refrigerator. The
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tissues were then run through 3 changes of acetone at roon tea^rature
for a period of 2^ hr to ensure dehydration. These tissues were then
placed in petrpleua ether-acetone (Itl ratio) for 30 nia> after idtich
they were carried through 2^ohaages..of petroleuu ether for a period of
30 uin each. The tissues were then infiltrated hy running them through
melted paraffin twice^ for a period of 1$ min each time, and were
subsequently embedded.
The method used to determine acid phosphatase activity was that
described by Gomori (1952). Sections of the liver tissue were cut at
Q/A' and mounted on the slide by floating them on with distilled water.
The sections were then dried thoroughly on a warming table to ensure
adhesion. After the sections had been brought to distilled water for a
period of 3 min, they were t^en incubated in 0.01 H sodium beta-
glycerophosphate in 0.05 N acetate buffer (pH 5.0), containing O.OOU H
lead nitrate, for U hr. The sections were washed in distilled water,
then in 2% acetic acid, again thoroughly in distilled water, and then
immersed for 1 min in a 1:50 dilution of yellow ammonitm sulfide.
Sections were then washed in distilled water, counterstained with 1%
eosin, washed again in distilled water and mounted in glycerine Jelly.
Test control slides for each esiperimental group were prepared. The
procedure esq)loyed was the same as that previously listed for the acid
phosphatase method except for variations in the composition of the
incubation media. The test control slides were incubated in the follow¬
ing media: lead nitrate and 0.05 H acetic acid-sodium acetate buffer;
0.05 M acetic acid-sodium acetate btiffer and sodixm beta-glycerophosphate.
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and 0.0^ M acetic acid-sod ins acetate buffer only. Ko counterstain was
employed with the test controls. Both experimental and test control
slides were placed in the refrigerator to prevent dehydration.
Photomicrographs were taken of some selected sections.
CHAPTER IV
EXPERDEHTAL RESULTS
The ejqieriments rcporteci here consisted of five grot3q>s of tadpoles
and frogs^ each of which contained five organisms each time the
experiswnt was run. All of tiie organisms behaved normally following
treatswnt.
The normal aiqjhibian liver (Pig. 1) has been described as a
reticular or netlike glaiui with many branches among Uie plates^ which
were usually two cells thick. The bile capillaries consisted of central
and side capillaries, the latter often penetrating deeply between cells,
so that the width of no more t^an half of a cell divided the bile
capillary from the blood capillary (liver sinusoid). The vessel system
in the as^hibian liver was comprised not only of the portal and hepatic
veins and hepatic arteries, but also of many large lysq}hatic channels
which at times appeared occupied by pigment>containing cells. The finest
branches of the hepatic arteries esQjtied into the sinusoids formed by the
portal vein. Groups of the liver cells themselves contained large
quantities of pigment (b. Fig. l). These were the Kupffer cells.
The liver cell cords in cross section consisted of but two adjacent
cells, between which passed a thin bile canalicule. These canaliculi
extended the length of the liver cell cord and received short lateral
branches which traversed the area between the sides of adjoining liver
cells. In planes running parallel to several adjacent cords, the bile
canaliculi of adjoining cords frequently anastomosed with one another.
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Fig. 1. An5)hibian liver. The hepatic cells (a) are large polyhedral
structures. Portions of pigmented cells (c) are seen at the
lower comers of the figure. The elongated nuclei (b) of
several of the reticuloendothelial cells of von Kupffer are
shown (from Andrew, 1959).
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The canaliculi were always intercellular. This has been verified by
studies on the liver of living frogs.
The control tadpole livers, and those treated with olive oil only,
demonstrated no acid phosphatase activity. The cells and the nuclei of
these cells, for the most part, remained intact, showing little if any
signs of disintegration or rppture. This was the case also for the
control tadpole livers incubated for hr in the buffer only; buffer and
sodium beta-glycerophosphate; soditim beta-glyccrophasphate, buffer, and
lead nitrate; or buffer and lead nitrate.
Acid phosphatase activity was present in the tissues prepared from
the tadpoles injected with 0.1 cc olive oil and CClj^ and 0.2 cc olive
oil and CX^1^ that were incubated for U hr in sodium beta-glycerophosphate,
buffer and lead nitrate; or buffer and lead nitrate. This enzymatic
activity was localized in granular bodies measuring between 1 and 2/^
which were located predominantly along the bile canaliculi (perlbiliary
bodies), and also in some granules in the Kupffer cells. The activity
was concentrated witiiin the cytoplasm of these cells in the form of a
granular black precipitation. Acid phosphatase activity was not visible
when the latter tissues were incubated in the buffer only or the buffer
and sodium beta-glycerophosphate. Signs of tissue damage were visible
in the liver 2U hr after injection in all experimental tadpoles receiving
olive oil and CCl^. The cells for the ax>st part were clugq>ed in masses,
showing signs of rupture in the form of bresduige of the cell meadbrane.
The nuclei of these cells, for the most part, were indistinguishible
(Fig. 2).
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’ Fig. 2. Experimental tadpole liver injected with 0.1 cc CCl, and
U
olive oil. Note arrows showing cell clumping. Acid
phosphatase activity is observable in the form of black
granules dispersed throughout the disrupted cells. XIOO.
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The adult frog control tissues and those from animals treated with
olive oil demonstrated no acid phosphatase activity. The cells and the
nuclei of these cells remained intact and showed no signs of cell
rupture. The latter was true of the tissues incubated in buffer only;
buffer and sodium beta-glycerophosphate; sodium beta-glyeerophosphate^.
buffer, and lead nitrate; and buffer and lead nitrate.
There was visible acid phosphatase activity of approximately the
same magnitude in the tissues prepared from the e3q}erimental adult frog
groups receiving 1.0 cc olive oil and Xl|^ and 2.0 cc olive oil and Xl^,
which were incubated for U hr in sodium beta-glycerophosphate, buffer,
and lead nitrate. Again, as was the case with the tadpoles, this
enzyauitic activity was sharply localized in the granular bodies pre¬
dominately located along the bile canaliculi and also in the Kupffer
cells. The activity was concentrated within the cytoplasm in the form of
black granules. Tissue rupture was not detected in the experimental
frogs treated with olive oil and Xl^ (Fig. 3). These cells in all cases
appeared intact and their nuclei were distinquishable.
lU
Fig. 3. E3q)eriiaental adult frog liver injected with 1.0 cc CCl^
and olive oil. Note arrows indicating intact cells.
Acid phosphatase activity is observable in the form of
black granules dispersed throughout the cells. XIOO.
CHAPTER V
DlSOJSSlQIf AID C(»CLUS1QHS
The name "lysosoKes” has been used to designate a special class of
particles present in suitably prepared liver hoaegenates. The term had
this peculiarity, that it referred to what was believed to be a
aK>rphologically distinct entity, defined on the basis of purely bio¬
chemical data. Acid phosphatase, acid ribonuclease, acid deoxyribonu¬
clease, cathepsin, beta-glucuronidase, and aryl-sulphatase, have been
listed aaong the enzyaes contained in lysosoaes, and these have been
represented as being entirely inactive on external substrates. One good
indication of tissue degeneration would be to follow one of these enzymes
during tissue damage. Acid phosphatase was the enzyme chosen to be
traced, since previous studies had indicated that the enzymes released
upon cell damage all were fotmd to exhibit similar properties and that
the graded release of these enzymes, as produced by several different
means, occurred in ah almost perfectly parallel fashion with that of acid
phosphatase (de Duve, 1959). The liver represented an excellent site for
such a study.
Several investigators have shown that induced damage in liver
cells (Htmter, 1965-aflqphibiansj Leduc, 1959a, b-mammals). Previous
experiments have also indicated that (Xl|^ affected the mammalian liver
enzymes in one of ttucw possible waysr (1) the poison might increase the
activity of some enzymes (Rubenstein, 1962)i (2) it might retard the
activity of others (Ashworth, Luibel, Sanders, and Arnold, 1963); (3) it
might not have an effect on the activity (Reynolds, 1963).
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Data fron the present investigation confirmed the findings of
Rubenstein (1962) and Hunter (1969) i^at CCl^ caused tissue damage.
Furthermore, the results indicated: (1) that the experimental untreated
control larval and adult frog livers and those treated with olive oil
only, demonstrated no acid phosphatase ttCtlvlty, ani the cells and the
miclei of these cells for the most part remained intact, showing little
if any signs of disentegration or mpturej (2) that acid phosphatase
activity was present 2k hr after treatment in the tissues prepared from
the larval and adult frogs treated with CClj^ and olive oil. The latter
observation was in agreement with de Duve's (1959) suggestions that: (l)
lysosomes were surrounded by a membrane of lipoprotein nature iidiich
effectively prevented the enzymes from escaping from, as well as their
respective substrates from penetrating, the lytic particles; (2) there
was a simultaneous release of all internal enzymes in soluble and fully
active form, following injuries to the meidsrane, as caused by various
treatments.
The degeneration and rapturing of the tadpole liver cells and the
nuclei of these cells in this investigation, as compared to the adult
frog liver cells and nuclei idiich remained intact upon treatment with
CCl^ and olive oil, seemed to indicate that the concentration of CX^1|^ and
olive oil injected was more toxic to the larval liver cells than it was
to the adult frog liver cells. The latter was consistent with Hunter's
(1969) data ^ich indicated that the quantity of tissue degeneration in




1. The effects of CCl^ on acid phosphatase activity in the liver
of larval and adult frogs were investigated.
2. The control larval and adult frog livers and those treated
with olive oil only demonstrated no acid phos^diatase activity
2k hr after treatment.
3. Acid phosphatase activity was visible in botii larval and adult
frog liver cells treated with OCl^ and olive oil 2li. hr after
treatment. This enzymatic activity was predominantly localized
in granular bodies along the bile canaliculi and also in some
granules in the Kupffer cells.
U. The above observations suggested that hydrolytic enzymes were
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